River riparian ecosystems deteriorate because of anthropogenic factors that are related to industry, intensive agriculture and tourism. Two native species, Bidens tripartita and B. cernua, are weeds widespread in Lithuania on river banks and other habitats. An alien species, B. frondosa, is also widespread in the same habitats. We investigated the genetic diversity of B. frondosa, compared its population structure to that of related species and assessed the possibility of genetic interaction between B. frondosa and native congeners. Genetic analysis of populations was based on inter-simple sequence repeats (ISSR) polymorphism. Our results revealed high genetic differentiation in the B. frondosa populations (48.2%) and high genotypic diversity (i = 0.99). Bayesian cluster analysis using the program Structure revealed signs of gene flow between B. frondosa and the native species; however, principal coordinate analysis did not support this result. Our results do not indicate the role of interspecific hybridization in the invasiveness of B. frondosa.
Introduction
Human-mediated changes in the river environment create favourable conditions for non-native species introduction, long-term settlement and spread (Richardson et al., 2007) . The spread of alien plant species in the new area can endanger or even destroy the integrity of natural communities because of the negative effects of invaders on native species and ecosystem stability (Pauchard, Alaback, 2004) . It may initiate evolution of weed communities and appearance of new weeds in agroecosystems (Danuso et al., 2012) . Rivers are important corridors for alien plant dissemination because propagules can be carried along the river by water, wind, humans and animals (Johansson et al., 1996; Richardson et al., 2007) . High levels of disturbance that are typical of river banks in anthropogenically affected territories are also beneficial for the establishment of newcomers. Two annual species of the genus Bidens (B. cernua L. and B. tripartita L.) are native to Lithuania and common in riverside plant communities. The non-native congener B. frondosa L. was first observed in 1983 in the middle reaches of the Nemunas River and recently has become widespread along this river and its tributaries and on the shores of the Curonian Lagoon (Gudžinskas, 1997; 2003) . Quite often, this species occurs in the wet forests or in human-modified habitats (Gudžinskas, 1997) .
B. frondosa is considered one of the most invasive species in Europe (Lambdon et al., 2008) , and recently, this plant species has been included in the list of invasive plants of Lithuania. In some European countries this species is known as agricultural and environmental weed (Groves, 1999) . B. frondosa spreads in arable fields of North Italy and is frequently found in summer crops (sugarbeet, maize, etc.) . In Lithuania, B. frondosa and its close relative B. tripartita are weeds that are usually found in uncultivated areas (Čiuberkis, Vilkonis, 2013) .
In Europe, B. frondosa was introduced from North America, where its native range occupies a large territory extending from Alaska into the central part of the continent. Supposedly B. frondosa, as with some other invasive plants, escaped from European botanical gardens and spread into natural ecosystems (Galkina et al., 2015) . The intensive expansion of this weed began after World War II, and the species became naturalized in many European countries (Chytrý et al., 2008) , as well as in Lithuania (Gudžinskas, 1997; 2003) . B. frondosa produces many seeds, which adhere to the surface of animal fur or human clothing and can be easily dispersed over long distances. The river water flow is also an important factor in the seed dispersal of B. frondosa (Kostrakiewicz-Gieralt, Zając, 2014) . B. frondosa has a highly flexible vegetative phase and can grow taller and produce more seeds than its congener, B. tripartita (Danuso et al., 2012) . In parts of Europe, B. frondosa has displaced the native B. tripartita and B. cernua in some habitats (Vinogradova et al., 2014) . According to the literature, the impact of alien species on native plant communities and native congeners could be dual: ecological -out-competed native species, and geneticinterspecific hybridization between the invader and native species (Bleeker et al., 2007) . Interspecific hybridization is known to sometimes produce genotypes with increased weedy properties and invasiveness (Ellstrand, Schierenbeck, 2000) . The genetic impact of B. frondosa on the native species is controversial because plants of intermediate morphology have been found in natural ecosystems; however, no proof of hybridization has been obtained for the studied genotypes (Crowe, Parker, 1981; Vinogradova et al., 2014; Galkina et al., 2015) . The analysis of the genetic structure of invasive populations of B. frondosa has not received sufficient attention until now and is limited to a genetic diversity analysis of a small number of genotypes (Galkina et al., 2015) .
The aim of our study was (1) to explore Bidens frondosa population structure and genetic diversity measures and compare these parameters to those of two native species B. tripartita and B. cernua and (2) to determine if a genetic interaction exists between B. frondosa and the native species.
Materials and methods
Plant materials. Populations were studied in river ecosystems that were considered possible corridors for the spread of Bidens frondosa in Lithuania. The study was performed in 2015-2016. On the river banks, B. frondosa grows as big stands near water. B. frondosa, B. tripartita and B. cernua plants were collected on the Nemunas, Neris, Vokė, Nevėžis and Jiesia rivers, and lagoon shores (Fig. 1) .
Note. The sites indicated by the numbers as in Table 1 . (Table 1) .
DNA extraction and inter-simple sequence repeats-polymerase chain reaction (ISSR-PCR).
Total genomic plant DNA was extracted from the dried leaves. DNA extraction and purification was performed using the Genomic DNA Purification Kit, K0152 (Thermo Fisher Scientific Baltics, Lithuania), according to the manufacturer's instructions. The concentration and quality of the DNA samples were assessed spectrophotometrically and by electrophoresis on agarose gels.
ISSR polymorphism was assessed using four primers previously used by Tanahara and Maki (2010) in Bidens studies. ISSR-PCR with these primers produced clear and reproducible patterns of DNA bands in agarose gels. The ISSR-PCR reaction mixtures had a total volume of 10 μl. The reaction mixtures contained 0.5 U of recombinant Taq DNA polymerase (Thermo Fisher Scientific Baltics), 0.1 μM primer (Biomers, Germany), 0.2 mM of each dNTP, 1× Taq buffer with (NH 4 ) 2 SO 4 (Thermo Fisher Scientific Baltics), 2.5 mM MgCl 2 and 10 ng of template DNA. Amplification was performed in a thermocycler (Biometra GmbH, Germany) programmed as follows: 4 min at 95°C for the initial denaturation, 45 cycles of 30 s at 95°C (denaturation), 45 s at 50°C (annealing) and 2 min at 72°C (extension). The final reaction extension step was carried out at 72°C for 5 min (Tanahara, Maki, 2010) . The reproducibility of the DNA band patterns of the studied genotypes was tested by repeating experiments at least twice. ISSR-PCR products were separated on 1.5% agarose gels in 0.5× TAE buffer under conditions of constant voltage of 4.0 V cm -1 for 3.5 h. The size of the scored DNA fragments was estimated with the DNA band size standard GeneRuler 1 kb DNA Ladder (Thermo Fisher Scientific Baltics) using software BioDocAnalyze (Biometra).
Statistical analysis. ISSR polymorphisms data generated from 286 individual plants were scored into a binary matrix according to the absence (0) or presence (1) of ISSR fragments. An analysis of molecular variance (AMOVA) was carried out using software GenAlEx v. 6.5 (Peakall, Smouse, 2012) . Based on the DNA band presence / absence binary matrix, the expected heterozygosity (Hj) was calculated using program AFLP-SURV v.1.0 (Vekemans et al., 2002) . AFLP-SURV v.1.0 was also used to evaluate the genetic differentiation (Fst -fixation index) among populations. A significance test for Fst was based on 1000 permutations. The percentage of polymorphic bands (PLP), the polymorphic band proportion at the 5% level (PLP 5%) and band richness (Br) were calculated in program AFLPdiv v.1.1 (Coart et al., 2005) for five individuals per population used for rarefaction. Shannon's diversity index (I) was calculated using software POPGENE v.1.32 (Yeh et al., 1997) . Genotypic diversity was assessed by calculating the proportion of distinguishable genotypes: i = G/N, where G is the number of genotypes, and N -the total number of studied individuals. The hierarchical AMOVA was performed in software GenAlEx v.6.5 (Peakall, Smouse, 2012) 
Results

Molecular diversity at the species level.
We scored 85 reproducible polymorphic DNA bands that were generated with four primers. A similar number of polymorphic DNA bands were detected in ISSR profiles of studied species: B. frondosa -71, B. tripartita -72 and B. cernua -71. On average, 18 bands were identified with one primer for each species. The sizes of the DNA fragments used for analysis were 250-2000 bp (Table 2) . 037 IDpop -short population name, N -the number of analysed plants per population, loc P -the number of polymorphic bands, PLP -the percentage of polymorphic bands, Hj -expected heterozygosity, I -Shannon's index of genetic diversity, Br (5) -band richness with sample size rarefied to five individuals, PLP 5% (5) -polymorphic band proportion with sample size rarefied to five individuals at the 5% level; SE -standard error The average number of identified polymorphic bands in B. frondosa populations was 29.3 ± 2.5. The lowest genetic diversity measures were found in the 12F population (PLP = 18.8, Hj = 0.079, I = 0.089); the highest were found in the Nida population (PLP = 57.6, Hj = 0.197, I = 0.265). The genetic diversity measures (Hj and PLP) in the B. frondosa population did not correlate with the number of analysed individuals (p > 0.05). When the number of individuals per population was rarefied to five individuals per population, the same tendency was noted for the genetic diversity distribution in the populations. The highest proportion of polymorphic bands was detected in the 6F population (PLP 5% = 0.576, Br = 1.404), and the lowest, in the 12F (PLP 5% = 0.188), except for the Br measure, which was least in the 3F population (Br = 1.142). Although the 3F population of B. frondosa formed a large stand, with 17 individuals being collected for analysis, only 20 polymorphic bands were identified in the studied genotypes. The highest measures of genetic diversity among the studied species were revealed in B. tripartita: loc P = 32.5, PLP = 38.2, Hj = 0.158, I = 0.197, Br (5) = 1.323 and PLP 5% (5) = 3.82 (Table 3) .
When the numbers of populations and individuals were approximated for all species (5-6 populations per species, 47 individuals per species), the measures of genetic diversity of B. frondosa decreased to 24 polymorphic bands per population (PLP = 28.2, Hj = 0.11, data not shown). Nevertheless, the Mann-Whitney test did not reveal significant differences between species in these measures.
Comparison of population genetic structures. The molecular genetic diversity analysis (AMOVA) of the 23 populations revealed high differentiation among the populations (Phi PT = 0.636, p < 0.001). Analysis showed that 36% of the genetic diversity was located within populations (Table 4) .
Similar results were generated with the program AFLP-SURV (Fst = 0.59 ± 0.04). An assessment of the partitioning of the genetic variability within species revealed genetic differentiation that was somewhat greater among populations of B. frondosa (Phi PT = 0.482, p < 0.001) compared with B. cernua (Phi PT = 0.466, p < 0.001) and considerably higher than the genetic differentiation existing among populations of B. tripartita (Phi PT = 0.339, p < 0.001). Hierarchical AMOVA was performed to establish the variance component among species. Populational diversity accounted for 33% of the differences between species.
The results of principal coordinates analysis (PCoA), disclosing the relations between B. frondosa and the two native species, are shown as a two-dimensional plot (Fig. 2) . The first two coordinates in the PCoA explained 46.97% of the variance. In this analysis, individuals of the different species were organized into distinct groups, and no overlapping groups were seen as potential hybrids.
We used the Bayesian procedure provided by the program Structure to elucidate the population structures in three species. The analysis grouped all populations into the two most likely clusters (K = 2) (Fig. 3A) . Cluster 1 (white) included all B. frondosa populations. Cluster 2 (black) contained populations of the two native species. The smaller peak was detected at K = 3. In this case, the clustering corresponded to B. frondosa, B. tripartita and B. cernua. The assignment of populations in three clusters largely corroborated the results of the PCoA. However, the Bayesian analysis revealed two admixed populations (5F and 6F) of B. frondosa (Fig. 3B) . Certain signs of admixture were seen in some populations of the native species. However, in general, most populations were genetically homogeneous.
Discussion
An analysis of the genetic diversity of invasive species populations is a relevant topic for invasion biology as it provides a basis for a more reliable assessment of the species evolutionary potential in the new range, and a better understanding of invasion mechanisms and history and can contribute to more effective species control measures (Wang et al., 2012; Shou-Li et al., 2016) . Bidens frondosa intensively spreads in Lithuania, especially in riparian habitats. According to theory, the introduction of an alien species is usually associated with founding events (Novak, Mack, 2005; Dlugosch, Parker, 2008 ) that later can be counteracted by multiple introductions, genetic recombination and other mechanisms Kelager etal., 2013) . Unfortunately, we cannot assess how much genetic diversity was lost or acquired during the invasion process because we did not have information about the genetic diversity of the B.frondosa native populations. Nevertheless, we attempted to compare the level of diversity with that of two related native species. A comparison of diversity parameters among related species with different breeding system (Sun, Wong, 2001) , native and invasive (Beckmann etal., 2009) , common and endangered (Tanahara, Maki, 2010; Chung et al., 2012) , endemic and widespread (Bednarska, Brazauskas, 2017) is a widely accepted approach in population ecology. We identified high genotypic diversity among the studied B. frondosa plants. Only a few genotypes were found to be duplicated, which, considering the sampling strategy, indicates the absence of large clones in the B. frondosa populations. A similar level of genetic diversity was established in populations of the native B. cernua and B. tripartita (Tanahara, Maki, 2010) . No statistically significant differences were detected in the genetic diversity measures among the three Bidens species. The percentage of polymorphic bands for B. cernua and B. tripartita in our study was similar to that in the study of Tanahara and Maki (2010) , except that we found slightly higher ISSR polymorphism in B. tripartita, whereas in the previous study, this polymorphism was higher in B. cernua.
In summary, our results indicate high genotypic and genetic diversity in the studied populations of B. frondosa in spite of rather short invasion history. The genetic differences among the B. frondosa populations (BfPhi PT = 0.482) were only slightly higher than in native congener (BcPhi PT = 0.466, BtPhi PT = 0.339). Similar values of genetic differentiation observed among populations of B. cernua (Phi PT = 0.438) and B. tripartita (Phi PT = 0.413) in Japan are described in a previous study (Tanahara, Maki, 2010) . Rather high genetic variability of B. frondosa populations could indicate that introductions from different source populations contributed to the current pattern of genetic structure in the invasive species (Durka et al., 2005; Kupcinskiene et al., 2013; Patamsytė et al., 2013) .
A threat of invasive species is the genetic corruption of the native species by gene flow and hybridization (Ellstrand, Schierenbeck, 2000; Bleeker et al., 2007) , and many studies have reported genetic assimilation and loss of integrity in native species (Bleeker et al., 2007; Schierenbeck, Ellstrand, 2009; Vyšniauskienė et al., 2015) . The structure analysis of the studied Bidens populations showed signs of admixture in some populations of B. frondosa and in some populations of the native species (Fig. 3) .
Interestingly, our results indicate a possible larger impact of the native species on the B. frondosa than vice versa. The genetic structures of the 5F and 6F populations of B. frondosa show signs of introgression from B. cernua and B. tripartita. Overlapping of ranges from biological invasion makes hybridization of related species possible. B. frondosa produces pollen of high viability; however, at least in part of genotypes the usual fertilization is rare and gene flow between B. frondosa and related species is problematic because of the different ploidies of these species (Crowe, Parker, 1981) . Crowe and Parker (1981) Vinogradova et al. (2014) . The most recent information on this topic is provided from studies in the upper basin of Volga on potential hybrids by V. G. Papchenkov and other Russian botanists, which were critically revised by Vinogradova et al. (2014) and Galkina et al. (2015) . Based on morphological and molecular (ISSR) data analysis, these authors concluded that low hybridogenic activity existed with B. frondosa. Knope et al. (2013) also studied the hybridization between alien and native Bidens species. They hybridized B. alba and B. pilosa with nine native Hawaiian species and did not obtain viable hybrids. In our study, principal coordinate analysis of the three Bidens species populations, based on the molecular diversity patterns, did not show an overlap between species in the two coordinate systems (Fig. 2) and do not indicate intermediate genotypes; this outcome agrees with the results of Galkina et al. (2015) .
The morphological characteristics of the plants involved in our study from populations that, according to Bayesian cluster analysis, are characterized as admixed and possess genetic material from genepools of different species, did not attract our attention as having discrepancies from the typical morphology of B. frondosa. In addition, AMOVA also showed significant differentiation between Bidens species (Phi RT = 0.33). These results, taken together, also support the absence of genetic interactions between B. frondosa and native species.
Intensive studies of plant invasion phenomena revealed plant characteristics that are favourable for invasiveness (Rejmánek, 1996; Bossdorf et al., 2005) . High seed production and ecological plasticity are characteristic of B. frondosa (Danuso et al., 2012) . Ellstrand and Schierenbeck (2000) proved that interspecific hybridization is also an important mechanism for invasiveness as it increases genetic variation and produces genotypes with new characteristics. High genetic diversity also is favourable for the adaptation and spread of alien plants (Lavergne, Molofsky, 2007) .
Conclusion
In the current study, we detected comparatively high genotypic and genetic diversity of invasive Bidens frondosa that is comparable with similar parameters of native species B. cernua and B. tripartita. The analysis of the population genetic structure of B. frondosa indicates that hybridization with native species, if this process occurs at all, is not an important factor for invasiveness.
